Rationale: Autoimmune hemolytic AQ5 anemia (AIHA) is an immune disorder caused by antibodies directed against unmodified autologous red blood cells. In rare cases, AIHA is comorbid with other immunological disorders; for instance, when AIHA is complicated with immunologic thrombocytopenic purpura (ITP) it is called Evans Syndrome (ES). These multiple autoimmune mechanisms are referred to as "immunological tolerance loss," which is known as a characteristic autoimmunity specific for AIHA. And there are no estimation of the risk for thromboembolism in the "immunological tolerance loss" case.
Introduction
Autoimmune hemolytic anemia (AIHA) is anemia caused by autoantibody-associated hemolysis. Sometimes, it can be complicated with immune thrombocytopenia (ITP) and is called Evans Syndrome (ES). AIHA, ITP, and ES are all autoimmune diseases based on the production of autoantibodies. In AIHA, functional abnormalities of both B and T cells have been investigated as various etiological mechanisms for this hematological disease. [1, 2] These abnormalities are referred to as "immunological tolerance loss," which is known as a characteristic autoimmunity specific for AIHA. [2] Considering these pathogeneses, multiple autoimmune diseases can be comorbid to AIHA.
The risk of thromboembolism (TE) (usually venous) can be estimated because the hemolytic-associated coagulopathy is attributed to common mechanisms. [3, 4] Regardless of the underlying disease, any hemolytic diseases can cause TE. [3, 4] We treated an aggressive case of acute phase mixed-type AIHA (warm-type and cold-type AIHA), which occurred on the background of multiple immunological diseases, ITP, and primary biliary cirrhosis. The patient suffered from severe pulmonary embolism (PE) during the treatment course. Here we discuss how estimating the risk of hemolysis-associated thromboembolism can avoid the fatal consequence.
Case presentation
A 66-year-old man was diagnosed with AIHA 1 year after undergoing autologous stem cell transplantation for relapsed malignant lymphoma, diffuse large B cell lymphoma. He was initially diagnosed with malignant lymphoma on 62-years old, then he received 8 courses of combination chemotherapy consisting of rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone (R-CHOP). He tentatively obtained his disease remission for 4 years. After first relapse of his disease, he received salvage chemotherapy consisting of rituximab, dexamethasone, etopiside, ifosphamide, and carboplatin (R-DeVIC). Upon his second complete remission, he received autologous peripheral blood stem cell transplantation with the preparation regimen, M-BEAM. [5, 6] He had not been treated with immunosuppressant. His malignant lymphoma remained in remission after transplantation. He also had a 20-year history of primary biliary cirrhosis. A diagnosis of warm-antibody AIHA was made based on the following diagnostic criteria: hemolytic anemia findings based on low hemoglobin levels, elevated reticulocytes, increased indirect bilirubin levels, and decreased serum haptoglobin levels and positive direct/indirect Coombs tests (Table 1) . Additionally, the patient's platelet count was below 1.0 Â 10 4 /mL with the presence of antiplatelet antibodies. Bone marrow aspiration revealed an increased megakaryocyte level of 50/mL. Anti-Helicobacter pylori antibody was negative. We diagnosed the case as AIHA complicated with idiopathic thrombocytopenic purpura (ITP). We treated the patient for ES with 1.0 mg/kg prednisolone and maintained him on 10 mg/body prednisolone; the patient went into remission for 2 months (Fig. 1 ).
Two months after remission of AIHA, the patient's hemolysis recurred with symptoms of enterocolitis. At the second onset of AIHA, the anticomplement antibody was positive and his cold hemagglutinin level (performed at 24°C, immunoglobulin M [IgM] type) had increased ( Table 2) . Donath-Landsteiner antibody was negative. Coombs tests were performed under the condition as followings; the direct antiglobulin test (DAT) and indirect antiglobulin test (IAT) were performed in ambient temperature.
DAT reflected that rabbit anti-human immunoglobulin G (IgG) globulin/anti-human complement (C3b and C3d) globulin cause direct erythrocyte agglutination, IAT detect the presence of antierythrocyte IgG antibodies in serum. Both the direct and indirect Coombs tests were constitutively positive during his clinical course ( Table 2) . At the relapse of AIHA, additional antibodies were tested. However, anticardiolipin antibodies were negative: anticardiolipin b2GPI antibody 1.2 U/mL (<3.5), anticardiolipin IgG antibody 8U/mL (<10), and anticardiolipin immunoglobulin M antibody 5U/mL (<8). We diagnosed the patient with mixed-type AIHA. The second treatment with prednisolone for recurring AIHA did not decrease the hemolytic reaction. His urine and withdrawn serum were colored. He required the unwashed red blood cell transfusion due to the progression of hemolytic anemia. On the fourth day of this recurrent course of AIHA, sudden hypoxia with fulminant hemolysis resulted in respiratory distress. Echocardiography revealed an enlarged right ventricle, and the elevated tricuspid regurgitation pressure gradient was 20 mmHg. Blood tests showed 
Discussion
This case highlights 2 essential cautions concerning AIHA. First, pulmonary thromboembolism is a common comorbid event. [4] Second, there is a possibility of multiple autoimmune episodes indicated by the unique immunological etiology of AIHA. [1, 2] Further, these 2 conditions are mutually associated. Of note, anticardiolipin antibody is reported to be positive among a substantial portion of patients with AIHA complicated with TE. [7] However, in our case, anticardiolipin antibody was negative. This suggests that multiple factors enhancing coagulopathy may commonly exist. As shown in Table 3 , a vast range of hemolytic diseases are associated with thromboembolism. [4] Although the precise mechanism of thromboembolism is still under investigation, a variety of pathways may trigger hemolysis and enhance coagulopathy. The most initial step is the release of free heme from erythrocytes. Heme induces nitric oxide (NO) decrease, reactivates oxygen species, forms neutrophil extracellular traps, activates macrophages, and increases cell adhesion molecules on endothelium cells. Thus, hemolysis affects many cell types and may cause hypercoagulopathy. A review indicates that anticardiolipin antibody is enhanced in some cases of AIHA-associated PE. [7, 8] Based on the mechanism linking hemolysis and thromboembolism, eculizumab may be effective for prophylaxis of hemolysis-associated thromboembolism. [9] A precautionary intervention could prevent the onset of thromboembolism; however, there is no standard method for this situation. [4] The risk of venous thromboembolism related to warm autoimmune hemolytic anemia were investigated in a case-control study. [10] According to this study, the majority of venous thromboembolism occurred during severe hemolytic flares. Other study indicated that the thromboembolism risk was associated with Hb levels 6 g/dL at onset, intravascular hemolysis, and previous splenectomy. [11] The risk of thromboembolism increases up to 15% in the acute phase of AIHA. [7, 12] Thus, prophylactic anticoagulation therapy would be reasonable for patients with marked hemolysis. However, there are no standard prophylaxis regimen. The clinical benefit of heparin should be tested for preventing thromboembolism in selected cases. [12] Lastly, we discuss tolerance loss in AIHA. The mechanisms of multiple immunological errors in AIHA were summarized a literature review as follows: ignored or cryptic self-antigen, polyclonal T and/or B cell activation, molecular mimicry between self-and foreign-antigens, errors in central or peripheral tolerance, and immunoregulatory disorders. [2] In our patient, a stepwise exacerbation of immunological disorders was observed, including past history of primary biliary cirrhosis, warm-type AIHA, ITP, and cold-type AIHA. This might be a consequence of immunological disorders. As seen in this case, it can be difficult to treat AIHA with a background of complex immunological disorders. [1] Even in simple AIHA cases, the recurrence rate is as Table 2 Results of blood transfusion tests during the patient's clinical course.
Control
First AIHA Second AIHA Various hemolytic diseases that may give rise to thromboembolism.
Hemolytic diseases causing thromboembolism
Paroxysmal nocturnal hemoglobinuria (PNH) Hemoglobinopathies (SCD and thalassemia) Autoimmune hemolytic anemia (AIHA) G6PD deficiency Structural RBC abnormalities (spherocytosis, stomatocytosis, pyruvate kinase deficiency) Thrombotic microangiopathies Mechanical circulatory support Acute hemolytic transfusion reactions Stored RBC transfusions Hemoglobin-based blood substitutes AIHA = autoimmune hemolytic anemia, PNH = paroximal nocturnal hemogrobinuria, SCD = sickle cell disease.
Imataki et al. Medicine (2020) 99:6 www.md-journal.com high as 50%. Maintenance therapy with corticosteroid is thus important or remission will not be maintained. [4] In conclusion, we treated a case of mixed-type AIHA and failed to treat PE during the acute hemolytic phase. A multiple immunological background could be associated to increased risk for TE.
